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LEGAL NOTICE
This book was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government not any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness 9f any information, apparatus, product, or process disclosed, or represents that its use , .. ~ulrl infrin ly owned rights. Refer to an commercial product servi' e name, trademark, m or ot does not necessarily imp 1 rsement catalyst in a different way and each provides a different kind of
""') characterization. We are using XRD to indicate any phases present in crystalline form, XPS to determine the valence states of Ti, and EXAFS to determine the ligand coordination about the Ti atoms. In a supported catalyst both XPS and EXAFS are 11 integral 11 techniques, that is they sample all the Ti atoms present. Table I * Energy scale referenced to carbon lS at 284.6 eV.
, The +4 and +2 states are easily distinguished from the metallic state, but titanium in the ordered alloy Pt 3 Ti has the nearly same chemical shift as in TiC which is also a possible reduction product. XPS alone would not be capable of reliably resolving the reduced state of Ti. But the backscattering cross-section of Pt is enormously greater than that of carbon, so the EXAFS coupled with XPS provides a clear discrimination of Ti in TiC and Ti in Pt 3 Ti clusters too small to be observed in XRD patterns.
A summary of the qualitative characterization heat-treated Ti0 2 impregnated
Pt on carbon catalyst is given in Table II . Fuel cell testing has indicated that the promotional effect of Ti0 2 is \~ 1 observed after heat treating at 900°C; at 700°C the heat treatment had a small promotional effect that was not regarded as significant. Therefore, alloying may be essential to the promotional effect. However, a key element we are missing from the characterization mix is knowledge of the physical structure of the phases. Such structural characterization is possible by transmission electron microscopy (TEM) and such studies are in progress.
Current Status of New Catalysts
Based on the characterization studies and the behavior of the model systems, it appears that the promotion effect of oxides of Ti, V, Zr, Ta and Cr is probably not truly catalytic. The most probable mechanisms are changes in physical properties of the Pt catalyst in the "dry" state which result in improved electrode performance due to two effects: 1) aPt crystallite shape/morphology effort, where the base metal oxide acts to impede Pt crystallite size growth (by coalescence) but allows surface diffusion to occur and equilibrium shapes to form during heat treatment; 2) the oxide acts as a "flux" for improving the wetability of the catalyst when fabricated into a gas diffusion electrode, resulting in higher catalyst layer effectiveness. Both of these effects have been discussed in the literature, but not with respect to how additives or promoters might relate to such effects. The effect of Pt crystallite shape/morphology on oxygen reduction activity has been discussed at length (12) , and it is clear that metal oxides can have an indirect effect on oxygen activity via modification of shape/morphology. The effectiveness factor for the catalyst layer is known to be extremely sensitive to physical properties of the carbon, the Teflon dispersion, the use of wetting agents, the hydrophilicity of the SiC matrix, etc., and it is a difficult matter to determine truly catalytic effects from electrode structural effects. There has been some doubt about the kinetics of oxygen reduction in non-volatile, higher homologs of TFMSA, and whether the kinetic benefits are retained in the higher molecular weight acids. Recent work (20) has shown that, in the absence of impurities resulting from by-products of the synthesis, the kinetics in the higher acids are identical to those observed in TFMSA (at the same pH and temperature). The result allows some guarded optimism that the search for the optimum acid electrolyte will ultimately prove to be successful.
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